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Performance tuning of Vlasov code for space plasma simulations on
K, FX10 and CX400

TAKAYUKI UMEDA™  KEIICHIRO FUKAZAWA

Vlasov code is a first-principle simulation method for collisionless space plasma. The Vlasov code solves the time development
of phase-space distribution functions of charged particles in hyper-dimensions based on fully kinetic equations. Since the
distribution functions are defined in more than four dimensions, the Vlasov code requires high-resolution and high-performance
numerical schemes which should work in limited computational memory per node or per core. In this paper, performance tuning
of massively-parallel Vlasov code on various scalar CPU architectures, such as the SPARC processors (K-computer, Fujitsu
FX10, Fujitsu FX1) and the Xeon processors (Fujitsu CX400) is discussed based on the results of our performance measurement
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studies conducted under Japanese HPC projects.
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Figure 1 Detection of local extrema in a piece-wise profile [4].
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Figure 2 The domain decomposition in the configuration space

for the five-dimensional Vlasov code [8].
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1 do nn=2,nvzpl
2 uzl=vz(nn,ss)
3 do mm=1,nvypl
4 uyl=vy(mm, ss)
5 do 11=2,nvxpl
6
7
8

uxl=vx (ll,ss)

vv = uxl*bbx+uyl*bbyt+tuzl*bbz
9 mv = sv
10 mpO=mm-floor (vv)
11 mp2=min (max (mpO+mv+mv,1),nvyp2)
12 mpl=min (max (mpO0+mv , 1), nvyp2)
13 mml=min (max (mp0-mv , 1), nvyp2)
14 mm2=min (max (mpO-mv-mv,1l),nvyp2)
15
16 hp2=ff (11, mp2,nn,ii, jj, ss)
17 hpl=ff (11, mpl,nn,ii, jj, ss)
18 hp0=£f£f (11, mp0,nn,ii, jj, ss)
19 hml=ff (11, mml,nn,ii, jj, ss)
20 hm2=ff (11, mm2,nn,ii, jj, ss)
21
22 dfy(1ll,mm)=flux (hp2,hpl,hp0,hml, hm2,vv)
23 end do
24 end do
25 do mm=2,nvypl
26 ff(2:nvxpl,mm,nn,ii,jj,ss) &

27 =ff(2:nvxpl,mm,nn,ii, jj,ss) &

28 - (dfy(2:nvxpl,mm) -dfy (2:nvxpl, mm-1))
29 end do

30 end do
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Figure 3  An original sample program of 3D Vlasov code.
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do nn=2,nvzpl
uzl=vz (nn, ss)

do mm=1,nvypl

1

2

3

4 uyl=vy(mm,ss)
5 do 11=2,nvxpl

[ uxl=vx (1ll,ss)

7

8 vv = uxl*bbx+uyl*bby+uzl*bbz

9 mv = sv

10 mp0 (11, mm)=mm-floor (vv)

11 mp2 (11, mm)=min (max (mpO+mv+mv,1l),nvyp2)
12 mpl (11, mm)=min (max (mpO0+mv , 1) ,nvyp2)
13 mml (11, mm)=min (max (mp0-mv , 1), nvyp2)
14 mm2 (11, mm) =min (max (mpO0-mv-mv, 1), nvyp2)
15 t vv(ll,mm)=vv

16 end do

17 end do

18 do mm=1,nvypl

19 do 11=2,nvxpl

20 hp2=ff (11, mp2 (11, mm),nn,ii, 33, ss)

21 hpl=ff (11, mpl (11, mm),nn,ii, jj,ss)

22 hpO0=£f£f (11, mp0 (11, mm),nn,ii, 33, ss)

23 hml=ff (11, mml (11, mm),nn,ii, jj,ss)

24 hm2=ff (11, mm2 (11, mm),nn,ii, 33, ss)

25 vv = t vv(ll,mm)

26 dfy(ll,mm)=flux (hp2,hpl,hp0,hml, hm2,vv)
27 end do

28 end do

29 do mm=2,nvypl

30 ff(2:nvxpl,mm,nn,ii, jj,ss) &

31 =ff(2:nvxpl,mm,nn,ii,jj,ss) &

32 - (dfy(2:nvxpl,mm) -dfy(2:nvxpl,mm-1))
33 end do

34 end do

B 4 N—TR5EEATSIZSRET TV 7a—FoT s
7 A.
Figure 4 A sample program of 3D Vlasov code with a loop

decompositon.
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11 wnvyp2=nvyp2

12 wmpO=mpO (11, mm)

13 sv=mv

14 mp2 (11, mm)=min (max (wmpO+sv+sv,1.),wnvyp2
15 mpl (1ll,mm)=min (max (wmpO+sv ,1.) ,wnvyp2

16 mml (11, mm)=min (max (wmpO0-sv

)
)
,1.) ,wnvyp2)
)

17mm2 (11, mm)=min (max (wmpO-sv-sv,1l.),wnvyp2

4 5 HEERBIR A FI O T U O R RS FEE B~ DAL Mk,

Figure 5 Conversion of integer operations to double-precision

operations.
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Figure 6 Weak-scaling performance of the S-dimensional
Vlasov code with 1GB/core. Computational speed as a function

of the number of cores.
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Figure 7 Weak-scaling performance of the 5-dimensional
Vlasov code with 1GB/core. Scalability as a function of the

number of cores.
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